Prostaglandin-dependent in vitro stimulation of adrenocortical steroidogenesis by interleukins.
The effects of interleukins on adrenal steroidogenesis and their mode of action were studied using cultured rat adrenal cells. The addition of rat interleukin-1 alpha (IL-1 alpha) or rat IL-2 increased corticosterone levels in the medium in a concentration-dependent manner during 24 h of incubation. The minimum, half-maximum, and maximum effective concentrations of both rat IL-1 alpha and rat IL-2 were almost same (approximately 3, 10, and 100 U/ml, respectively). After a latent period, the effect became apparent after 12 h of incubation. Human IL-1 beta and human IL-6 also showed a stimulatory effect on corticosterone production, whereas human IL-2 was inactive in this system. To clarify the cellular mechanism of these stimulatory effects, we measured the levels of prostaglandin E2 (PGE2) and cAMP in the cells and media as well as the corticosterone levels. Corticosterone production stimulated by IL-1 alpha or IL-2 was accompanied by intracellular and extracellular cAMP and PGE2 accumulation. Although the stimulation of both cAMP and corticosterone was observed only after 12 h of incubation, PGE2 levels increased during the first 4 h of incubation. Corticosterone, cAMP, and PGE2 production stimulated by ILs was almost completely blocked by the addition of 0.1 mM aspirin, a cyclooxygenase inhibitor. Lipoxygenase inhibitors, i.e. AA-861, nordihydroguaiaretic acid, and 5,8,11,14-eicosatetrynoic acid, did not abolish corticosterone production stimulated by ILs. Submaximal doses of IL-1 alpha and IL-2 synergistically stimulated PGE2 production, but did not have even additional effects on cAMP and corticosterone levels. On the other hand, submaximal doses of ACTH, which did not significantly affect PGE2 levels, acted synergistically with IL to increase cAMP and corticosterone levels in these cells. These results indicate that 1) IL-1 alpha and IL-2 directly stimulate glucocorticoid synthesis in a dose- and time-dependent manner; 2) a half-maximum effective concentration of ACTH acts synergistically with IL in stimulating glucocorticoidogenesis; 3) the stimulatory process initially requires PGs, followed by the activation of the adenylate cyclase system; 4) although the profiles of steroidogenic action of IL-1 alpha and IL-2 are quite similar, they may exert their effects through different mechanisms in their early steps of PGE2 production; and 5) the low effective concentrations of both cytokines suggest possible physiological or pathophysiological roles of circulating cytokines in the glucocorticoidogenesis under certain conditions.